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Abstract 
 
Water (H2O) is thought to play an essential role in Earth’s dynamics, as it 
fundamentally alters the chemical and physical properties, for example, phase relations, 
density, sound velocities and dynamic properties of both solid and liquid Earth’s materials 
in the planet’s interior. Although many efforts from experiments and theoretical 
calculations have been made, there remains a substantial deficiency in understanding the 
behavior of water-bearing phases under high pressure (P) and high temperature (T) 
conditions of Earth's deep mantle. In this thesis, we use experimental and theoretical 
methods to explore the high-P behavior of solid iron-light element compounds and water-
bearing silicate melts. We apply these results to understanding the seismic anomalies in 
the deep Earth. 
Hydrous minerals (for example, -AlOOH) in subduction slabs have been shown 
to be stable over the entire range of lower-mantle P–T conditions. When hydrous phases 
come in contact with liquid iron metal in the low-temperature regions near the core–
mantle boundary (CMB), Fe from the core side of the boundary can be oxidized. To 
investigate the reaction between iron and water at P–T conditions of the CMB in 
experiments, we put a mixture of water and iron in the laser-heated diamond anvil cell 
(DAC), mimicking the conditions deep inside the Earth. Using synchrotron x-ray in situ 
observations when compressing (P > 80 GPa) and heating (T > 2000 K) the sample, we 
were able to synthesize a form of hydrogen bearing iron peroxide FeO2Hx (with x from 0 
to 1) that structurally resembles FeS2 pyrite (space group Pa3̅). The results indicate that 
water can interact with iron very differently than it does on the surface of the Earth. The 
hydrogen-bearing iron peroxide FeO2Hx has low sound velocities and may therefore help 
to explain the seismic anomalies imaged at the CMB. 
The drastic increase in T across the CMB can lead to the decomposition of most, 
if not all, hydrous phases, including the hydrogen-bearing iron peroxide FeO2Hx 
synthesized at high P and moderate T. In our experiments, we found that the hydrogen-
bearing iron peroxide FeO2Hx decomposes to Fe2O3 post-perovskite (ppv) (a high-P 
polymorph of hematite Fe2O3) and fluids at even higher temperatures (> 2400 K). Thus, 
anhydrous Fe2O3 ppv is one of the most plausible phases at the CMB. Using inelastic x-
  
ray scattering, we measured the seismic wave velocities of this phase, at 60–140 GPa and 
up to 1800 K, conditions relevant to Earth’s deep lower mantle. Combined with first-
principles investigations, we were able to show that Fe2O3 ppv has a significantly lower 
sound velocity and stronger anisotropy than other lower-mantle solid silicate minerals. 
Therefore, Fe2O3 ppv appears likely to contribute to the ultra-low velocity zones at the 
CMB. 
Silicate melts produced at the onset of melting of hydrous peridotite in the vicinity 
of the mantle transition zone (MTZ) are probably water-rich. The role of water in silicate 
melts is significant, and yet the dissolution mechanism of water in depolymerized melts 
remains poorly understood. Here we report the results of first-principles molecular 
dynamics simulations of hydrous Mg2SiO4 melts with up to 27 wt% H2O. The results 
show that hydrogen species are not only bonded to network-former cation Si but also 
bonded to network-modifier cation Mg. The Mg cation is a more efficient melt 
depolymerizer than hydrogen species despite the high content of water in the melts. The 
ratio of non-bridging oxygens per silicon (NBO/Si) in the water-poor melt is comparable 
to that of dry Mg2SiO4 melt (NBO/Si = 4), and it increases with increasing water content. 
Our results therefore do not support the previous hypothesis inferred from the data of 
NMR and Raman spectroscopy and x-ray structural factors that water may cause an 
increase in the melt polymerization for ultramafic magmas. We examined the density of 
hydrous melts and compared them with the density values of seismic models. The critical 
water contents at which the hydrous melts have the same density as the mantle peridotite 
are less than 10 wt% regardless of strong iron enrichment in the melts. Therefore water-
rich melts cannot maintain a long-term gravitationally stability in the vicinity of the MTZ.  
